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Abstract
We obtain the Hamiltonian form of the worldvolume action for the M5-brane in a
general D=11 supergravity background. We use this result to obtain a new version of the
covariant M5-brane Lagrangian in which the tension appears as a dynamical variable,
although this Lagrangian has some unsatisfactory features which we trace to peculiar-
ities of the null limit. We also show that the M5-brane action is invariant under all
(super)isometries of the background.
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1 Introduction
The essential ‘ingredients’ of M-theory that are additional to those of eleven dimensional
(D=11) supergravity are the supermembrane, or M2-brane, and the M5-brane. The
worldvolume action for the supermembrane has been known for more than ten years [1].
In contrast, the full worldvolume action for the M5-brane has been known for only a year
or so and its implications are still being explored. The M5-brane action is essentially one
for an interacting six-dimensional (2,0) supersymmetric gauge theory based on the (2,0)
antisymmetric tensor supermultiplet [2]. The self-duality of the 3-form eld strength of
this supermultiplet presents serious obstacles to the construction of a six-dimensional
Lorentz covariant action, some of which are inevitable at the quantum level [3]. This
is not a problem at the level of eld equations, however, although the self-duality con-
straint involves non-linearities that would be hard to guess [4]. The full eld equations
were found in supereld form in [5]. A covariant component action involving an ad-
ditional scalar gauge eld was presented in [6], although it is restricted to backgrounds
admitting a nowhere-null vector eld. This action was used in [7] to determine the central
charge structure of the M5-brane supertranslation algebra in a vacuum background. Al-
ternatively, an action can be constructed by relaxing the requirement of six-dimensional
Lorentz covariance to ve-dimensional Lorentz covariance [8]. These various formulations
of the M5-brane action are now known to be equivalent [9, 10].
In this paper we shall present another formulation of the M5-brane action: the Hamil-
tonian formulation. The Hamiltonian formulation of the M2-brane can be found in [11].
The space/time split implicit in the Hamiltonian formulation has the advantage that the
self-duality constraint is no problem and, in fact, is reduced to a simple linear constraint
on phase space. Also, the Hamiltonian formulation is the natural one for investigations
of static solutions that minimise the energy, and some of the results obtained here were
advertized and then used for this purpose in [12].
The passage to the Hamiltonian formulation from the Lagrangian one is simplest if one
starts from the covariant action of [6] because much of the required space/time split can be
achieved by the choice of temporal gauge for the auxiliary scalar gauge eld of this action
(the ‘PST’ eld). We shall therefore begin by reviewing those elements of this formulation
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that are essential to the subsequent steps. In doing so we take the opportunity to show,
following a similar recent demonstration for super D-branes [13], that the M5-brane
action is invariant under all (super)isometries of the D=11 supergravity background,
provided that the 2-form gauge potential is assigned an appropriate transformation. This
observation acquires importance in light of the recent construction of an interacting
conformal invariant antisymmetric tensor eld theory via gauge xing of the bosonic
sector of the M5-brane action in an adS7  S4 background [14]. Specically, it implies
that the full M5-brane action in this background is invariant under the full OSp(6; 2j4)
isometry supergroup of the adS7S4 solution [15] of D=11 supergravity. This symmetry
will be realized ‘on the brane’ as a non-linearly realized six-dimensional superconformal
invariance.
For all branes other than the M5-brane it is known that the tension can be replaced
by a dynamical p-form worldvolume gauge potential, leading to a Lagrangian that is
strictly invariant under background isometries (as against invariant up to the addition of
a total derivative) by virtue of appropriate transformations of the new worldvolume eld
[16, 13]. It was suggested in [17] that this may not be possible for the M5-brane. On
the other hand, a version of the M5-brane action with dynamical tension was found in
[18], although it did not incorporate the self-duality constraint (which had to be imposed
separately). Thus, at present, the status of dynamical tension in the M5-brane case
is unclear and one of the aims of this paper is to shed some light on this point. The
Hamiltonian formulation provides the means to do so; in this formulation it is a simple
matter to elevate the tension to the status of a dynamical variable. One can then pass to
the corresponding covariant Lagrangian formulation in which the tension is replaced by
a 5-form gauge potential. We nd that this Lagrangian has some unsatisfactory features,
which we trace to peculiarities of the tensionless limit.
2 The M5-brane action and its rigid symmetries
Any solution of the eld equations of D=11 supergravity is a consistent background for
the M5-brane. These backgrounds can be presented as tensors on D=11 superspace,
which is parameterised by the coordinates ZM = (Xm;). Specically, we need a
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D=11 supervielbein EM
A, which are the coordinate basis components of the frame 1-
forms EA = (Ea; E), where Ea and E are, respectively, a vector and a Majorana
spinor of the D=11 Lorentz group. We also need a superspace 3-form gauge potential
C(3) and a 6-form gauge potential C(6). Their gauge transformations are
C(3) = d(2) ;




where (2) and (5) are 2-form and 5-form parameters, respectively, and their gauge-
invariant eld strengths are
R(4) = dC(3) ;




where the exterior product of forms is understood. The relative sign in the denition of
R(7) diers from (e.g.) [7] because we use here the convention that the exterior superspace
derivative d ‘acts from the right’, i.e.
d(PQ) = PdQ+ (−1)q(dP )Q (3)
for p-form P and q-form Q. The on-shell supereld constraints of D=11 supergravity
imply, inter alia, that the bosonic component of R(7) is the D=11 Hodge dual of the
bosonic component of R(4).
Before turning to the M5-brane itself, let us note that a Killing vector supereld (Z)
is one for which
L(E
a ⊗s E
b)ab = 0 (4)
where L denotes the Lie derivative with respect to , and  is the D=11 Minkowski
metric. This is the supereld version of the Killing condition. By an ‘isometry’ of the
supergravity background we shall mean a transformation generated by a Killing vector
eld for which, additionally,
LR
(4) = 0; LR
(7) = 0: (5)
It is convenient to summarize the action of the complete set of such Killing vector super-
elds  by means of a BRST operator s, so that
sZM = cM  c






where c is a set of constant BRST ‘elds’ and fγ
 are the structure constants of the
Lie algebra of Killing vector elds. It follows that s2c  0, and that s2ZM  0 (and
hence that the action of s2 on any supereld vanishes identically). Thus, (5) reduces to
sR(4) = sR(7) = 0, which implies that1
sC(3) = d2 ; sC





where p is a ghost-valued superspace p-form.
Now, let i (i = 0; 1; : : : ; 5) be the worldvolume coordinates of the vebrane and
f a map from the worldvolume to superspace. We take the worldvolume metric to
be the pullback g = f (Ea ⊗s Eb)ab. It is manifestly invariant under isometries of the
background. The worldvolume elds include, in addition to ZM(), a 2-form worldvolume
gauge potential A() with ‘modied’ 3-form eld strength2
H = dA− C(3) ; (8)
where C(3) is now to be understood as the pullback of the corresponding superspace 3-
form gauge potential. Clearly, H is invariant under isometries of the background provided
that we choose
sA = 2 : (9)








where g = det gij and a() is the ‘PST’ scalar gauge eld. The 2-form ~H is also invariant
under isometries of the background if we take sa = 0. Having made the above denitions,
and introducing the vebrane tension T , we may write down the M5-brane Lagrangian
of [6]. This was originally written in the form
LM5 = T [LDBI + ~HH + LWZ] (11)
1The same symbols were used in [7] with a related but not identical meaning. Here we follow the
notation of [13].
2Here we adopt a normalization of the two-form potential A that diers by a factor of three from [7].





−det(gij + ~Hij) ; (12)







The last, Wess-Zumino (WZ), term will be given below.
Here we shall start from the equivalent Lagrangian





det(gij + ~Hij)− T
2v + T ~HH (15)
with v() an independent worldvolume scalar density. If we take sv = 0, in addition to the
previously assigned BRST transformations, then L0 is clearly invariant under isometries













where ? is the worldvolume Hodge dual, and C(6) and C(3) are now understood to be the








where the ghost-valued forms p are also to be understood now as pullbacks to the
worldvolume of the corresponding superspace p-forms (recall that d ‘acts from the right’).
Thus, LWZ is invariant under isometries of the background up to a possible total
derivative. This is sucient to ensure the existence of a conserved worldvolume current
associated with each isometry of the background, although the total derivative term, and
2 if non-zero, can lead to central terms in the algebra of isometries, as discussed in [7]
for the case of a vacuum D=11 background.
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3 The Hamiltonian formulation
As shown in [6], the scalar eld a is subject to a gauge transformation that allows the
choice of ‘temporal gauge’ a = 0  t. This choice breaks the SO(1; 5) Lorentz group to
the SO(5) rotation group, but this is in any case an expected feature of the Hamiltonian
formulation. Our goal is to separate in the Lagrangian L all terms involving time deriva-




















where 5g is the determinant of the worldspace 5-metric gab. It follows that
det(gij + ~Hij) = (g00 − g0a
5gabg0b) det
5(g + ~H) (21)
where
~Hab = gacgbd ~H
cd ; det 5(g + ~H) = det(gab + ~Hab) : (22)
If we now dene














where V a = 5gabVb.

















where iM indicates contraction with the vector eld @=@Z
M (so that iMC
(6) is a 5-form,
which we restrict to the worldspace) and  is the worldspace Hodge dual.
We have now implicitly arrived at a space/time split form of the total M5-brane
Lagrangian L = L0 + TLWZ . It will be convenient to write this result as
L = L1 + L2 (27)
where L1 includes all but the last term (with the time component of H) in (24) and L2
is the rest. An equivalent form for L1 is
L1 = ~P  t − s
a( ~P  a + TVa)−
1
2
[( ~P + TV aa)
2 + T 2 det 5(g + ~H)] ; (28)






Recall that the indices a; b; : : : denote D=11 Lorentz vectors, which are contracted with
the Minkowski metric . The equivalence may be established by successive elimination
of ~P and sa.
The Lagrangian L2 is















so, omitting a total derivative term, we have



















(3)(C(3) + 2H)] : (33)
We can further rewrite this as











Putting all these results together we can write the M5-brane lagrangian in the form
L = ~P  t +
1
2
ab _Aab − H− s
a ~Ha + abK





[( ~P + TV aa)
2 + T 2 det 5(g + ~H)]
~Ha = ( ~P a + TVa)




We have now arrived at a ‘half way house’ on the way to the fully canonical phase
space form of the M5-brane Lagrangian, and it is convenient to pause here to assess the
situation. Note, in particular, that the constraint Kab = 0 can be written in dierential




T  (dA) (38)
which implies the Gauss law constraint d  = 0. In other words, the constraint Kab = 0
ensures that the Bianchi identity for dA implies the Gauss law, as expected in a self-dual
antisymmetric tensor eld theory. Thus the self-duality constraint that is so problematic
in the Lagrangian reduces to a set of simple linear constraints on the phase space pair
(; A). However, these constraints are second class, in Dirac’s terminology, and this
leads to the problems upon quantization. One must either solve the constraints (which
in general leads to non-locality) or convert them into rst class ones by the addition
of auxiliary variables. As explained in [19], the latter approach leads to the innite-
eld formulation of chiral antisymmetric tensors of [20, 21]. The reason that we nd
these bosonic second-class constraints is that we xed the gauge for the PST eld a in
the passage to the Hamiltonian formulation. Had we not xed this gauge invariance
we would have found only rst class bosonic constraints with an additional constraint
associated with the additional gauge invariance, as found for the free chiral D=6 2-form
eld in [22].
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From (36) we see that the momentum PM conjugate to Z
M is given by
PM = EM
a ~Pa + T C^M (39)
Solving for ~P we have
~Pa = Ea
MPM − TEa
M C^M : (40)
The remaining information contained in (39) is the fermionic constraint
P −E
aEa
MPM = T [C^ −E
aEa
M C^M ] (41)
which is equivalent to
E
EM (PM − T C^M ) = 0 (42)
Since E
 is invertible, this constraint is equivalent to S = 0, where
S = E
M(PM − T C^M) : (43)
This constraint can be imposed by a new spinorial Lagrange multiplier . It can also
be used to simplify the constraint imposed by sa since





MPM + T (Va − @aZ
M C^M) : (45)
We thus arrive at the M5-brane Lagrangian in fully canonical form
L = _ZMPM +
1
2
ab _Aab − H− s
aHa + abK





[P2 + T 2 det 5(g + ~H)]
Ha = @aZ
MPM + T (Va − C^a)





M(PM − T C^M) (47)
with
Pa = Ea
MPM + T (V
a@aZ
MEM
bba − C^a) : (48)
The -symmetry of the M5-brane action is now reflected (for backgrounds allowing -
symmetry) in the fact that the fermionic constraints S are half rst-class and half second-
class.
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4 Dynamical tension and the null limit
We turn now to the issue of dynamical M5-brane tension. This can be achieved in the
Hamiltonian formulation by declaring T to be an independent variable and then adding
to the Lagrangian (46) the new term
L0 = _T − ua@aT (49)
where  is a variable canonically conjugate to T , and ua is a Lagrange multiplier for a
new (rst-class) constraint. This is the phase space form of the action for a 5-form gauge
potential. In fact, eliminating momenta to return to the Lagrangian form we nd an
equivalent Lagrangian for the original worldvolume elds (ZM ; A) together with a new
5-form gauge potential A(5). This Lagrangian can be shown to be the restriction to a = t
of a new six-dimensional Lorentz covariant Lagrangian that depends additionally on the






where LDBI is the Lagrangian given in (12) and and G is the ‘modied’ 6-form eld
strength
G = dA(5) − LWZ − ~HH : (51)




da ^H ^ i@aH : (52)
The reason that this term appears in G is that the original M5-brane Lagrangian changes
by a total derivative under the transformation
A = da ^ ’1() (53)
with local parameter ’1 [6] (note that LDBI is invariant under this transformation). The
~HH term therefore behaves like a WZ term with respect to this transformation and
its non-invariance is compensated in G by an appropriate transformation of A(5). The
Lagrangian (50) is the M5-brane analogue of the super D-brane Lagrangian of [13].
10
Since we have now reintroduced the PST eld we expect the Lagrangian (50) to be
invariant under a gauge transformation that will allow the PST eld a to be eliminated
by a choice of gauge (e.g. the ‘temporal’ gauge a = t). This is not guaranteed by the
construction (so far we know only that we recover a Lagrangian equivalent to the original
on setting a = t) so it must be checked. We expect this gauge invariance to take the form
a = ’(); A = ’()L2 ; (54)
together with some variation v of the Lagrange multiplier v; the precise form of L2 can



















(LDBI − ?G)(LDBI + ?G)v ; (55)
where LM5 = LDBI + ~HH + LWZ is the original Lagrangian of [6]. We know, for any of
the symmetry transformations of this action that LM5 = d for some function . This




(LDBI − ?G)LDBI −
1
v2






It would seem from this result that we have now found a covariant M5-brane action in
which the tension is replaced by a 5-form gauge potential, as has now been achieved for
most other branes. There is a diculty, however. The denominator of the expression (56)
for v can vanish on the mass-shell. The mass-shell constraint (imposed by the Lagrange
multiplier v) is
0 = (LDBI)
2 − (?G)2 = (LDBI − ?G)(LDBI + ?G) (57)
which implies that ?G = LDBI . If we choose the minus sign then the variation v is
singular. Note that this problem occurs only for the PST gauge transformation. For
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-transformations, the denominator in (56) is cancelled by a factor appearing in LDBI
(as occurs for super D-branes [13]). For rigid symmetries associated with isometries of
the background we have LDBI = 0 and hence v = 0. There is therefore no problem
for D-branes or any other brane for which a Lorentz covariant action is possible without
the introduction of a PST gauge scalar, but there is a problem for the M5-brane. If we
demand that the PST gauge variation of v be non-singular then we are required to choose
the solution
?G = LDBI
of the mass-shell constraint. This choice corresponds to the self{duality equations pro-
duced by the Lagrangian (11). We conclude that the Lagrangian (50) is classically equiv-
alent to the original M5-brane Lagrangian (11) only if the solutions of the equations of
motion of the former are restricted in the way just described. Thus, we have found a
version of the covariant M5-brane action of [6] in which the tension appears as a dynam-
ical variable, but it is not completely satisfactory in that it is necessary to suplement
the equations of motion that follow from the action with additional information. This is
equally a defect of the proposal of [18] for dynamical M5-brane tension.
The unsatisfactory feature of the action (50) that we have just explained has impli-
cations for the null, i.e. tensionless, limit. If we take this limit in (50), by setting G = 0,
then the variation (56) becomes singular on the mass shell since the mass-shell constraint
is now LDBI = 0. This indicates that the zero tension limit can be taken consistently
only if one simultaneously sets to zero the worldvolume 2-form eld A, because in this
case the gauge transformations (54) disappear. In this case we recover the standard null
super-vebrane Lagrangian (i.e. without the BI or WZ terms). This is eectively the
T = 0 case of (46) because when T = 0 the constraint (38) implies that  = 0 and the
conjugate 2-form A then drops out of the Lagrangian.
Actually, some of these features of the action (50) are already present in the La-
grangian (14). Under (54) the variation of the Lagrange multiplier v should take the
form
v = [T − v−1LDBI ]
−1[( ~HH + LWZ)− d] (58)
where d is the variation of the original Lagrangian LM5. The requirement that this
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variation be non-singular now singles out one of two possible solutions for v (namely
v = −TLDBI) and the T ! 0 limit can be taken only if H is set to zero. In the passage
to the Hamiltonian formulation we eectively made this choice by the redenition (23)
of the Lagrange multiplier, which explains why H drops out of the phase-space action
when T = 0. The problem in the Lagrangian formulation is not solved by gauge xing
the PST invariance because after the gauge xing the Lagrangian is still invariant (up
to a total derivative) under a combination of a PST gauge transformation with a (now
non{manifest) worldvolume dieomorphism that preserves the gauge condition. This
is an essential symmetry of the non-covariant formulation of the ve{brane action of
[8]. Moreover, these non-manifest worldvolume dieomorphisms will be preserved when
rewriting the ve{brane Lagrangian in any other form; it is this fact that leads to the
transformation properties of the Lagrange multiplier discussed above.
The conclusion seems to be that if we consider the PST gauge invariance and/or
(non-manifest) covariance of the ve{brane actions as essential properties then the zero-
tension limit leads to an ordinary null super-vebrane, and so does not commute with
double dimensional reduction of the ve{brane to a dual IIA D4{brane. If we sacrice
these symmetries and pass to an intrinsically non-covariant formulation of the M5-brane,
then the problem with the variation of Lagrange multipliers does not arise. In this case
the zero tension limit may commute with the double dimensional reduction, although
probably only for those cases that correspond to gauge xing a() to be the spatial
coordinate of the compactied dimension of the ve{brane. Note also that in this case
the 5-brane action will yield equations of motion for either a self-dual or an anti-selfdual
worldvolume eld, depending on which solution of (57) is chosen.
5 Discussion
We have presented in (46-48) a Hamiltonian form of the M5-brane Lagrangian. This
result contains various subcases of special interest. For example, the bosonic Lagrangian
in a vacuum background is
Lbos = P  _X +
1
2








[(P + TV a@aX)
2 + T 2 det 5(g + ~H)]
Ha = @aX  P + TVa




This is the result advertized in [12] (with T = 1 and dierent factors arising from slightly
dierent conventions).
Another special case is the null M5-brane Lagrangian. Setting T = 0 we nd the
Lagrangian
LjT=0 =









NPNPM ; Ha = @aZ
MPM ; S = E
MPM : (62)
A curious feature of the null limit of the M5-brane is that the 2-form gauge potential dis-
appears. As we have seen, this can be traced to the requirement that the tensionless limit
be consistent with the PST gauge invariance. This feature, and the related inadequacies
of the M5-brane action with dynamical tension, may well be a reflection of the absence
of a compelling physical argument in favour of the promotion of the M5-brane tension to
a dynamical variable. The basic reason that one needs to elevate a brane tension to the
status of a dynamical variable is to accomodate the possibility of it ending on another
brane, but the M5-brane cannot have a boundary on another brane. This is the argument
against dynamical M5-brane tension given in [17].
This argument can be restated in terms of worldvolume domain walls. These can
occur as solutions to the brane equations of motion only if discontinuities are allowed
in the tension [23], which is possible only if the tension is replaced by a p-form gauge
potential. Consider now the NS5A and NS5B branes. The worldvolume solitons on these
branes can be interpreted as \little d-branes". However, in this approach the little d-4-
brane, or domain wall, is a iib solution of the NS5B brane equations. The systematics is
as follows [24]:
d-0-brane: iib (needs c(1))
d-1-brane: iia (needs c(2)+)
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d-2-brane: iib (needs c(3) = dual of c(1))
d-3-brane: iia (needs c(4) = dual of c(0))
d-4-brane: iib (needs c(5) = dual of T )
where c(r) is a D-brane worldvolume r-form gauge potential. Therefore one should replace
the tension T of the NS5B brane by a dynamical variable but there is no need to do so
for the tension of the NS5A brane. Since the M-theory origin of the NS5A brane is the
M5-brane, it follows that neither there is any need to replace the M5-brane tension by
a dynamical variable. Alternatively, one may note that the intersection of an M5-brane
with any other M-brane is always over a 1-brane, 3-brane or 5-brane but never over a
4-brane. Therefore, there is never a need to construct a domain wall solution to the M5-
brane equations of motion and, correspondingly, there is no need to replace the M5-brane
tension by a dynamical variable.
Acknowledgements. The authors wish to thank Jerome Gauntlett, Joaquim Gomis and
Mario Tonin for helpful discussions. Work of D.S. was partially supported by research
grants of the Ministry of Science and Technology of Ukraine and the INTAS Grants N
93{127{ext. and N 93{0308.
References
[1] E. Bergshoe, E. Sezgin and P. K. Townsend, Supermembranes and 11 dimensional
supergravity, Phys. Lett. 189B (1987) 75.
[2] P.S. Howe, G. Sierra and P.K. Townsend, Supersymmetry in six dimensions, Nucl.
Phys. B221 (1983) 331.
[3] E. Witten, Fivebrane eective action in M-theory, J. Geom. Phys. 22 (1997) 103.
[4] M.J. Perry and J. H. Schwarz, Interacting chiral gauge elds in six dimensions, and
Born-Infeld theory, Nucl. Phys. 498 (1997) 47.
15
[5] P.S. Howe and E. Sezgin, D=11, p=5, Phys. Lett. 394B (1997) 62.
[6] P. Pasti, D. Sorokin and M. Tonin, Covariant action for a D=11 vebrane with the
chiral eld, Phys. Lett. 398B (1997) 41;
I. Bandos, K. Lechner, A. Nurmagambetov, P. Pasti, D. Sorokin and M. Tonin,
Covariant action of the superve-brane of M-theory, Phys. Rev. Lett. 78 (1997)
4332.
[7] D. Sorokin and P.K. Townsend, M-theory superalgebra from the M-5-brane, Phys.
Lett. 412B (1997) 265.
[8] M. Aganagic, J. Park, C. Popescu and J. H. Schwarz, Worldvolume action of the
M-theory vebrane, Nucl. Phys. B496 (1997) 191.
[9] P.S. Howe, E. Sezgin and P.C. West, Covariant eld equations of the M-theory ve-
brane, Phys. Lett. 399B, (1997) 49.
[10] I. Bandos, K. Lechner, A. Nurmagambetov, P. Pasti, D. Sorokin and M. Tonin, On
the equivalence of dierent formulations of the M-theory vebrane, Phys. Lett. 408B
(1997) 135.
[11] E. Bergshoe, E. Sezgin and Y. Tanii, Hamiltonian formulation of the supermem-
brane, Nucl. Phys. B298 (1988) 187.
[12] J.P. Gauntlett, J. Gomis and P.K. Townsend, BPS bounds for worldvolume branes,
JHEP01 (1998) 003.
[13] E. Bergshoe and P.K. Townsend, Super D-branes revisited, hep-th/9804011.
[14] P. Claus, R. Kallosh, J. Kumar, P.K. Townsend and A. Van Proeyen, Conformal
theory of M2, D3, M5 and ‘D1+D5’ branes, hep-th/9801206.
[15] K. Pilch, P.K. Townsend and P. van Nieuwenhuizen, Compactication of d=11 su-
pergravity on S4 (or 11=7+4, too), Nucl. Phys. B242 (1984) 377.
[16] P.K. Townsend, Worldsheet electromagnetism and the superstring tension, Phys.
Lett. 277B (1992) 285;
16
E. Bergshoe, L.A.J. London and P.K. Townsend, Spacetime scale-invariance and
the super p-brane, Class. Quantum Grav. 9 (1992) 2545;
M. Cederwall and P.K. Townsend, The manifestly Sl(2;Z)-covariant superstring,
JHEP09, (1997) 003;
M. Cederwall and A. Westerberg, World-volume elds, Sl(2;Z) and duality: the
Type IIB 3-brane, hep-th/9710007.
[17] P.K. Townsend, Membrane tension and manifest IIB S-duality, Phys. Lett. 409B,
(1997) 131
[18] M. Cederwall, B.E.W. Nilsson and P. Sundell, An action for the super-5-brane in
D=11 supergravity, hep-th/9712059.
[19] I. Bengtsson and A. Kleppe, On chiral p-forms, Int. J. Mod. Phys. A12 (1997) 3397.
[20] B. McClain, Y.S. Wu and F. Yu, Covariant quantization of chiral bosons and
OSp(1; 1j2) symmetry, Nucl. Phys. B343 (1990) 689;
C. Wotzasek, The Wess-Zumino term for chiral bosons, Phys. Rev. Lett. 66 (1991)
129;
F.P. Devecchi and M. Henneaux, Covariant path integral for chiral p-forms, Phys.
Rev. D54 (1996) 1606.
[21] N. Berkovits, Manifest electromagnetic duality in closed superstring eld theory,
Phys. Lett. B388 (1996) 743.
[22] P. Pasti, D. Sorokin and M. Tonin, On Lorentz invariant actions for chiral p-forms,
Phys. Rev. D55 (1997) 6292.
[23] E. Bergshoe, G. Papadopoulos and J.P. van der Schaar, Domain walls on the Brane,
to appear in Phys. Lett. B, hep-th/9801158.
[24] G. Papadopoulos, T-duality and the worldvolume solitons of ve-branes and KK-
monopoles, hep-th/9712162.
17
